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R ecords o f  in tertidal m acrofauna, m ostly  co llected  since 1974, w ere analysed  b y  the  use o f  a  10x10 km  
p lo tting  system . D ata  have b een  obtained  on 208 such squares o f  the  to ta l o f 378 straddling  the intertidal, 
o r 55.0 %. A dequate da ta  w ere available on 103 species. N ine o f  37  obligate in tertidal species (24  % ) 
appear to  reach  d istributional lim its tow ards coo ler seas going clockw ise around  Iceland from  the  south 
coast. The presence o f  w arm  springs in the in tertidal extends the range o f  one species far beyond  the  m ain 
limits. There is no exam ple o f  obligate intertidal species reaching distributional lim its tow ards w arm er seas 
w ith in  Iceland, em phasizing the  non-arctic character o f  the intertidal fauna. O f  66 species occurring both in 
the  in tertidal and subtidal, 1 1 (1 7 % )  reach  d istributional lim its tow ards coo ler seas in the  in tertidal and 
appear n o t to  penetra te  fu rther subtidally , w hile  one species ( 1 % ) m ay  show  the reverse p a tte rn  o f  lim its 
tow ards w arm er seas. How ever, som e 34 intertidal-subtidal species (51 % ) show  a  m ore restricted distribu­
tio n  in the  in tertidal th an  in the  subtidal, the  restric tion  being  to  the w arm er coastal reg ions in all b u t one 
instance. Low  and  v ariable a ir tem peratu res p robab ly  becom e critical to  these  species on co lder coasts. 
D istributional lim its in the  intertidal, bo th  o f  obligate in tertidal species and  o f  those also found  in  the 
subtidal, tended  to  concentrate in  regions o f  the  coasts w ith  re la tively  abrupt tem peratu re  changes, w hile 
there  w ere also instances o f  lim its along stretches o f  coasts w ith  uniform  tem peratures.
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IN T R O D U C T IO N

Temperature has long been considered the most critical 
factor determining the ecological boundaries of marine 
species distributions (e.g. S t eele  1983). Although there 
is a general relationship between distribution of water 
temperature and distribution of species (e.g. In g ó l fsso n  
1977a), anomalies are often apparent. This is to be 
expected, as sea temperature can theoretically limit 
distributions in several ways. A particular species may 
thus be limited in one area by summer temperature, in 
another by winter temperature. Seasonal fluctuations may 
be of paramount importance. Sea temperature can also 
be expected to interact with many other physical factors 
in complex ways, e.g. air temperature, salinity, current, 
productivity, exposure, sea ice etc. Fragmentary data 
can often be the reason for apparent anomalies, and the 
literature abounds with pictures of distributional patterns 
later proved to be erroneous as more data were gathered.

The intertidal is eminently suited for distributional 
studies. It is a virtually one-dimensional habitat, and the

sampling effort required to obtain reliable pictures of 
distributional patterns is much less than for other marine 
habitats which are two- or three-dimensional. The 
intertidal is, however, an ecotone, and many species 
encountered there are also subtidal in habits. The 
interpretation of patterns emerging for these species by 
the study of the intertidal is different and more complex 
than for those species confined to the intertidal. It is 
therefore important to distinguish between these two 
groups of species as far as possible.

The aim of the present study was to examine the dis­
tributional pattern of macrofauna occurring in the 
intertidal of Iceland. I examine in particular the following 
hypotheses: (1) Several southern species will reach 
distributional limits towards cooler seas within Iceland, 
whereas northern species are, conversely, likely to reach 
limits towards warmer seas. (2) These limits will be 
concentrated at coastal regions where sharp temperature 
boundaries exist. (3) Species found both subtidally and 
intertidally will often have different distributional limits 
in the two kinds of habitats.
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Fig. 1. The d istribu tion  o f  m a in  shore types o f  Iceland. 0  : rocky  shores prevalent. 1 : exposed  sandy  shores 
p revalent. A  : areas o f  ex tensive m uddy  tid a l flats.

M A T E R IA L  A N D  M E T H O D S

R ecen t d a ta  on  th e  d is trib u tio n  o f  m ac ro fau n a  o f  Ice land ic  
coasts  have  b een  o b ta in ed  fro m  th e  fo llo w in g  sources:

(1 ) D uring  1974 and  1975 som e 70  shore  tran sec ts  w ere  
sam pled around the coasts fo r the study o f  amphipods and other 
m alacostracans. Sam ples w ere qualitative bu t w ere taken  both 
from  rocky shores and m uddy tidal flats as w ell as in  estuaries 
and lagoons (see I n g ó l f s s o n  1977a for details).

(2) D uring sum m ers o f  1975, 1976 and 1977 m ore than  200 
transects w ere sam pled dispersed evenly on  all coasts except for 
the  South w ere few  transects w ere investigated. M ost transects 
w ere o n  rocky  shores b u t tida l flats w ere also sam pled  w hen  
encountered. The general procedure on  rocky shores w as to  put 
dow n 5-8 stations per transect w ith  fixed  height intervals. The 
interval used was 50 cm  on southern and western coast where the 
tidal range is large bu t 25 cm  on northern and eastern coasts in 
accord w ith the smaller tidal range. Animals w ere collected from  
t w o  
20 X 20 cm  squares per station. W hen algae w ere present these 
w ere cut from  the  squares and animals rinsed from  them  in the 
laboratory. The sites sampled ranged from  very sheltered to  some­
w hat exposed w hile few  heavily exposed sites w ere investigated 
due to  the difficulties involved. On tidal flats sampling was done at 
intervals along the  transects w ithou t regard  to  vertical height. 
Two 20 X 20 cm  squares w ere dug up dow n to  10 cm  a t each 
station and the sediments sieved w ith 1 m m  mesh.

(3) The fo llow ing  surveys done in connection  w ith  various 
env ironm ental issues: G a r d a r s s o n  &  al. 1974, 1976, 1980); 
H elg a s o n  &  al. 1988; I n g ó l f s s o n  1976a, 1977b, 1983, 1984,

1986, 1990b, 1991; I n g ó l f s s o n  &  E i n a r s s o n  1980; I n g ó l f s s o n  

&  G a r d a r s s o n  1975; I n g ó l f s s o n  &  G u n n a r s s o n  1984; I n g ó l f s s o n  

&  H e l g a s o n  1981; I n g ó l f s s o n  &  S v a v a rs s o n  1989; and I n g ó l f s s o n  

&  al. 1980. M o st o f  th e se  su rv ey s  w e re  d one  on  w este rn  
coasts, w hile there  w ere  few  on no rthern  and  southern  ones.

(4) The following papers treating individual species o r species 
groups: A s t t h o r s s o n  1987; I n g ó l f s s o n  1973, 1977a, 1990a; 
L i n d r o t h  &  al. 1973; Ó s k a r s s o n  &  al. 1977 and S o l ig n a c  1972.

(5) T he fo llow ing  m ore general papers o n  the  seashore o f  
Iceland: H a n s e n  &  I n g ó l f s s o n  1993; H a u k s s o n  1977; I n g ó l f s s o n  

1975, 1976b, 1994.
(6) A  scattering  o f  recen t (p o s t-1980) unpub lished  records 

in  th e  a u th o r’s files .
In  add ition , th e  few  p re -1 9 6 0  reco rds  availab le  fro m  the 

intertidal ( L a r s s o n  &  G íg ja  1959; M a d s e n  1949; S e g e r s t r A l e  

1947; S te p h e n s e n  1937a, 1939,1940; T h o r s o n  1941; W e s e n b e r g -  

L u n d  1951) have been  taken  into account w hen  they  could be 
p in -po in ted  w ith  su ffic ien t accuracy.

I c o n s id e r  th e  d a ta  a d e q u a te  w ith  r e s p e c t  to  m o s t  
m acrofaunal groups (e.g. crustaceans, p rosobranch gastropods, 
b iv a lv es, po lychaetes  (w ith  excep tions), ech inoderm s). The 
fo llo w in g  g ro u p s  h a v e , h o w e v e r , b e e n  o m itte d  fro m  th e  
a n a ly s is  b e c a u s e  o f  ta x o n o m ic  d iff ic u lt ie s :  o p is to b ra n c h  
g a s tr o p o d s ,  o lig o c h a e te s ,  m o s t in s e c ts ,  n e m e r te a n s , 
p o rife ran s , b ry o zo an s, and  m o s t hydrozoans.

N om enclatu re  fo llo w s H a y w a r d  &  R y l a n d  (1990) w hen  
p o s s ib le  a l th o u g h  d i f f e r e n t  n a m e s  h a v e  b e e n  u s e d  
o c ca s io n a lly  w h e n  c o n sid e red  m o re  co rrec t.

To analyse patterns the grid system  o f  K r i s t i n s s o n  &  J ó h a n n s s o n  

(1970) w as employed. This system, designed fo r terrestrial plants,



Ingólfsson - Distribution o f  intertidal macrofauna on the coasts o f  Iceland 31

divides Iceland into 10 x 10 km  squares. The num ber o f  such 
squares straddling the  seashore is 378. N one o f  the data here 
considered had been gathered with this grid system in mind, and 
its use therefore allows the analysis o f  records w ith  the m ini­
m um  o f  bias. This greatly  outw eighs any disadvantage o f  the 
system  such as the  vary ing  intertidal area contained  by  these 
squares. A n additional advantage was the availability o f  a com­
puter program , FLO RA , fo r plo tting  the records.

P H Y S IC A L  C O N D IT IO N S  

Geomorphology
The seashores of Iceland are of three main kinds (Fig. 1 ): 
(1) Rocky shores, predominant on most coasts except 
Ute South. These shores are most extensive by far on the 
western coasts (Ing ó l fsso n  1 9 7 5 ) due to large tidal range 
and numerous skerries and islands. (2) Exposed sandy 
shores, predominant on the southern coasts, while shorter 
stretches are found on other coasts. (3) Muddy tidal 
flats. These are most extensive at the head of bays and 
fjords and in lagoons on the western coasts, and also in 
lagoons on the southeastern coast.

Tidal regimes
Tides aroimdlceland are semi-diurnal (A n onym ous  1993). 
The tidal range is greatest on the middle west coast, a 
little in excess of 4 m at mean spring tides. The range 
decreases from there in both directions, but more abruptly 
towards the North. On many of the north and east coasts 
tile tidal range at mean spring tides is about 1.5 m, while 
southern and southwestern coasts show ranges between 
about 2.5 and 3.8 ni.

Temperatures
Nearshore surface temperatures around Iceland have been 
described by S tefánsson  (1969) (Fig. 2). The data used are 
collected at varying distances from the shore and thus give 
only a rough indication of the sea temperatures experienced 
by intertidal animals. In general, the temperatures decrease 
clockwise around the island from a sharp temperature 
boundary on the southeastern coast. During winter (e.g. 
February) the temperature is high off the southern coast, 
but then drops sharply along the western coast. From the 
northern part of the western coast and then along the 
northern and south along Hie eastern coast the winter tem­
peratures are low and do not vary much until the tempera­
ture boundary is reached. In summer (e.g. August) Hie tem­
peratures decrease rather gradually from Hie southern coasts 
along Hie west till Hie northern coast is reached. From there
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Fig. 2 . M ean tem peratures fo r A ugust and February, 1 9 4 9 - 1 9 6 6 ,  

at 2 3  coastal stations, A -W , around Iceland, from  S t e f á n s s o n  

1 9 6 9 . Tw o o f  his stations, A  and H, are show n unconnected  w ith 
the  rem ainder. S tation  A  w as at the  innerm ost part o f  a b ay  and 
show ed unusually  low  w in ter tem peratu res w hile s tation  H  w as 
located  fa r offshore and show ed excep tionally  h igh  w in ter and 
low  sum m er tem peratures. D istances w ere m easured  betw een 
adjacent stations and then sum m ed cum ulatively clockwise around 
Iceland from  station R, located just south o f  the tem perature bound­
ary o ff  southeastern Iceland. Inset shows positions o f  stations.

Ute temperature remains similar until there is a drop going 
south along the eastern coast. The middle part of the eastern 
coast is cooler in summer titan any other part. Sharpish 
temperature boundaries titus occur in Ute following regions: 
southeastern coasts (all seasons), middle part of western 
coast (winter only ) and, to a lesser degree, Ute middle part of 
Ute eastern coast (summer only). A less abrupt change is 
seen along Ute northwestern coast in summer.

The sea may freeze in winter in Ute innermost parts of 
bays and sheltered fjords. Arctic sea ice sometimes drifts 
up to Ute northern and eastern coasts and remains for 
months packed against tile shores. The last severe ice year 
was in 1968 (E ythorsson  &  S igtryggsson  1971 ).

Air temperatures at coastal stations in Iceland generally 
decline from south to north (E yth o rsso n  &  S ig tryggsson  
1971) on both western and eastern coasts. In summer, 
however, tile temperatures along tile east coast are 1-2° C 
lower than at corresponding latitudes on tile west coast 
and similar to temperatures on tile north coast. Average 
July temperatures range from a little more than 1 Io C in 
tile South to a little above 8° C in tile north and east, while 
average January temperatures range from about 1-2° C in 
tile extreme south to a little less than -2° C in tile north.
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Fig. 3. The 208 squares, each  10 x 10 km , from  w h ich  data  on 
intertidal m acrofauna are available.

R ESU LTS

Data are available for 208 of the 378 coastal squares, or 
55.0 % (Fig. 3). Tile total number of identified species was 
163. A list of these species together with authors’ names is 
given in the Appendix. Species numbers in studied squares 
varied from 0-70 (mean: 20.4; mode: 20; SD: 13.3) and 
showed a good log-normal distribution, but with a ‘tail’ of 
some 29 squares with only 0-3 species recorded. Most 
but not all are squares where no systematic surveys have 
been done. The three squares with the highest number of 
species(57,58,and 70 species) are in Hie Reykjavik region, 
southwestern Iceland, where Hie sampling effort is greater 
than elsewhere. When groups that were only occasionally 
identified to species are omitted (Porifera, most Hydrozoa, 
Bryozoa, Oligochaeta, Araneida, most Insecta, Nemertea, 
and Opistobranchia) as well as subtidal species which are 
only rare stragglers to the intertidal (all recorded from 4 
squares or less) and the stickleback (Gasterosteus 
aculeatus) (omitted because it did not fit any category 
used for analysis) the number of species (or more strictly, 
taxa)remaining was 103. This includes all species identified 
from five or more squares, except one Porifera and the 
stickleback (each identified from six squares), as well as 
six species recorded from less than five squares. These are 
either species confined to the intertidal (Ligia oceanica, 
Manayunkia aestuarina) or species recorded from 2-4 
squares lying close together (Echiurus echiurus, Halicryptus 
spinulosus, Idotea neglecta, and Pycnogonum littorale).

Most species recorded from the intertidal zone in Ice­
land may by divided with relative ease among two groups, 
i.e. species confined to the intertidal or virtually so (obli­
gate intertidal species), and species, usually vagile ones, 
also found in the subtidal (intertidal/subtidal species). The

allotting of species to groups is based primarily on own 
experience (see I ngó lfsso n  1 9 7 5 ,1 9 9 2 )  augmented with 
advice from several experts as well as information from 
tile literature. The allotting of a few species may, however, 
be questionable, but I do not think that this can materially 
affect tile main results. Both groups may be subdivided 
according to preferred substrate into hard-bottom and soft- 
bottom species. In the following, therefore, four species 
groups will be treated.

Obligate intertidal species
The number of well-known obligate intertidal species pre­
ferring hard substrates is 27 although a few are difficult to 
classify according to substrate preference. The two gas­
tropod species Littorina obtusata and L. mariae are here 
treated as one, referred to as L. obtusata, as they have 
usually not been differentiated in analysis of samples.

Twenty-two of these have been recorded on all coasts 
(Table 1). Fig. 4 gives three examples. All are, however, 
absent from large stretches of the south coast due to lack 
of suitable substrate. The remaining five species are clearly 
confined to the wanner coastal regions of Iceland (Fig. 4). 
In tile following the number of squares in which species 
have been recorded is shown in parenthesis after the names. 
Going clockwise around the island starting on the south 
coast, tile first species to drop out is the isopod Ligia 
oceanica (three squares). The distribution of this species 
in Iceland is remarkably limited. The one locality where it 
is abundant (the westernmost) is geothennally heated a 
few degrees above the surroundings. The amphipod 
Orchestia gammarella (11) extends only a little further 
along tile coast with the exception of two outliers, where 
tile species is confined to the vicinity of hot springs open­
ing in tile intertidal. The ampliipod Gammarus marinus 
(27) is tile next species to drop out followed by the isopod 
Idotea pelagica (27) which reaches to the middle part of 
the northern coast at least, and finally, the gastropod 
Nucella lapillus ( i l )  is only absent from the middle part of 
tile eastern coast. The isopod Idotea pelagica shows an 
anomaly in its pattem in that it has been recorded from 
Hvahies, a locality in the southernmost part of the eastern 
coasts on the cool side of the temperature boundary. The 
species has also been recorded from the islands of 
Hrollaugseyjar which are on the wami side of the bound­
ary some 85 km to the south.

There are some ten obligate intertidal species preferring 
soft substrates. The distributional pattern shown by these 
can be expected to be discontinuous to a greater degree 
than that of the hard-bottom species, as suitable substrate 
is unevenly dispersed along the coast. Six of the species 
are found on all coasts (Table 1 ) except the major part of 
tile south coast where suitable substrate is lacking. Fig. 5
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gives three examples. The remaining four appear to be 
confined to the warmer parts of the coast (Fig. 5). Going 
clock-wise around Iceland from the south the first species 
to drop out is the polychaete Manayunkia aestuarina (four 
squares), which is confined to the southwest. The gastro­
pod Hydrobia ventrosa  (seven) and the bivalve 
Cerastoderma edule (nine) occur along the whole west 
coast, while the amphipod Corophium bonelli (11) has 
been recorded in addition along the greater part of the 
north coast, although localities are widely dispersed.

In all nine of the 37 obligate intertidal species (24 %) 
appear to reach distributional limits towards cooler seas 
within Iceland, while there is no example of such species 
reaching distributional limits towards warmer seas.

Intertidal/subtidal species
Of the total number of 66 species included in this group 
about 40 are found mostly on hard substrates, including

Table 1. M acrofaunal species recorded  from  the  in tertidal on all coasts w here  su itable substrate is found. The n um ber o f  10 x 10 km  
squares in w hich  the  species have b een  recorded  o f  the to ta l o f 208 exam ined is shown. Sym bols : (a) =  A m phipoda, (an) =  A nthozoa, 
(b) =  B ivalvia, (c) =  C irripedia, (d)=  D ecapoda, (g) = G astropoda, (h) =  H ydrozoa, (i) = Isopoda, (in) = Insecta, (m ) = M ysidacea, 
(p) =  Polychaeta.

Obligate intertidal 
species

Number of 
squares

Species found 
intertidally 
and subtidally

Number of 
squares

Hard substrate: Hard substrate:
Littorina saxatilis (g) 154 Mytilus edulis (b) 154
Littorina obtusata (g) 148 Tectura testidunalis (g) 90
Gammarus oceanicus (a) 134 Naineris quadricuspida (p) 89
Semibalanus balanoides (c) 132 Margarites helicinus (g) 89
Skeneopsis planorbis (g) 126 Ampithoe rubricata (a) 76
Gammarus obtusatus (a) 119 Calliopius laeviusculus (a) 70
Idotea granulosa (i) 114 Lacuna vincta (g) 66
Fabricia sabella (p) 113 Lacuna pallidula (g) 55
Hyale nilssoni (a) 112 Gammarellus homari (a) 39
Onoba aculeus (g) 108 Hyas araneus (d) 31
Halocladius variabilis (in) 105 Urticina felicina (an) 30
Turtonia minuta (b) 96 Nereis pelagica (p) 20
Gammarus duebeni (a) 82 Caprella septentrionalis (a) 19
Jaera albifrons (i) 75 Mysis oculata (m) 5
Gammarus setosus (a) 65
Micralymma marinum (in) 61
Gammarusfinmarchicus (a) 59 Soft substrate:
Jaera prehirsuta (i) 59 Eteone longa (p) 43
Gammarus stoerensis (a) 57 Capitella capitata (p) 38
Jaera ischiosetosa (i) 52 Cirratulus cirratus (p) 32
Dynamena pumila (h) 31 Phyllodoce maculata (p) 17
Spirorbis spirorbis (p) 22 Eulalia viridis (p) 15

Soft substrate:
Arenicola marina (p) 69
Pygospio elegans (p) 69
Gammarus zaddachi (a) 45
Onisimus litoralis (a) 39
Mya arenaria (b) 34
Hediste diversicolor (p) 29
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Skeneopsis planorbis Gammarus oceanicus

Ligia oceanica Orchestia gammarella Gammarus marinus

Idotea pelagica
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Fig. 4. D istribution o f  obligate intertidal species preferring  hard substrates. Top row: Exam ples o f  species com m on on all coasts w here 
suitable substrate is found. R em ainder: Five species show ing d istributional lim its tow ards coo ler tem peratures w ith in  Iceland. O pen 
circles denote pre-1960 records.

the hyperbenthic rnysids Mysis oculata and Praunus 
flexuosus. Many of these hard-bottom species are com­
mon and even dominant in the intertidal, especially the 
lowermost part. Fourteen species are found on all coasts 
where suitable habitats are present and most are common 
(Table 1). Fig. 6 gives three examples. Ute remaining 26 
species have been recorded in the intertidal only on certain 
coasts. With one exception these species are lacking or 
almost so from the intertidal on the colder coasts. Some are 
confined to the southwest (the pycnogonid Pycnogonum 
littorale (three squares, Fig. 7), the amphipod Apherusa 
jurinei (three, Fig. 6), the isopod Idotea neglecta (four, 
Fig. 6), tile gastropod Ansates pellucidum (eight, Fig. 7), 
and tile asteroid Henricia sanguinolenta (seven, Fig. 7)). 
Others have also been recorded up to the middle of the 
west coast (the mysid Praunus flexuosus (nine, Fig. 6), 
tile asteroid,4ífCTrás rubens (eight, Fig. 7) and Hie decapod

Carcinus maenas (13, Fig. 6)) or along tile whole west 
coast (tile amphipod Para/ossa pelagica (11, Fig. 6), tile 
barnacle Balanus crenatus (ten, Fig. 6), tile lumpsucker 
(Cyclopterus lumpus (seven)), tile butterfish (Pholis 
gunnellus (11)), the hennit crab Pagurus bernhardus 
(eight), tile bivalve Modiolus modiolus (ten, Fig. 7), and 
tile chiton Stenosemus albus (five, Fig. 7)). Many species 
extend in addition along the north coast to varying degrees 
(in order of extent: the amphipodDe.rawHwe thea ( 14, Fig. 
6), tile gastropod Omalogyra atomus (33, Fig. 6), tile gas­
tropod Buccinum undatum (39, Fig. 7), Hie bivalveHiatella 
arctica (18, Fig. 7), the pycnogonid Phoxichilidium 
femoratum (15, Fig. 7), tile amphipod Gammarus locusta 
(7, Fig. 6), tile isopod Idotea emarginata (13, Fig. 6), and 
the polychaete Harmothoe imbricata (17, Fig. 7)). Fi­
nally, tile isopod Idotea baltica (31, Fig. 6) extends in 
addition some ways south along the east coast. The bivalve
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Arenicola marina Mya arenaria Onisimus litoralis

Hydrobia ventrosa

llt'W

Cerastoderma eduleManayunkia aestuarina

Corophium bonelli

Fig. 5. D istribution o f  obligate intertidal species preferring  soft substrates. Top row: Exam ples o f  species com m on on all coasts w here 
suitable substrate is found. R em ainder: Four species show ing d istributional lim its tow ards cooler tem peratures w ith in  Iceland.

Musculus discors (33, Fig. 7) also belongs with these spe­
cies, except for an isolated record in the middle part of the 
east coast. It should be noted that bothModiolus modiolus 
andBuccinum undatum also have isolated outlying records 
far removed from their main intertidal ranges described 
above (Fig. 7). There is only one species in this group, the 
amphipod Ischyrocerus anguipes (28, Fig. 7), which is 
common on the colder eastern and northern coasts, while 
almost lacking from the intertidal in the wanner middle 
west and southwest.

The amphipod Parajassa pelagica shows a similar 
anomaly in its distribution as the isopod Idotea pelagica, 
mentioned above. Both species have been recorded on the 
cool side of tile temperature boundary on the southeast 
coast, although being otherwise confined to wanner coasts. 
Both have also been recorded from a locality on the wann 
side of tile boundary, some 85 km to the south.

About 26 of tile intertidal/subtidal species prefer soft 
substrates. Some five of these have been recorded rather 
commonly from all coasts where suitable substrate is found 
(Table 1). Fig. 8 gives three examples. Most, however, 
appear to be confined or largely so to the intertidal of the 
wanner coasts, where they are often quite common. The 
polychaetes Nereis virens (five squares, Fig. 8) and Ophelia 
limacina (six, Fig. 8) and tile echiuridEchiurus echiurus 
(two) have only been found in the southwest. Although 
recorded only from two squares repeated sampling have 
shown tile intertidal populations of E. echiurus to be per­
manent. Hie polychaetes Pectinaria koreni (six, Fig. 8), 
Brada villosa (seven), and Brada inhabilis (ten, Fig. 8), 
and tile amphipod Anonyx sarsi (six) appear confined to 
southwestern and middle western coasts. The amphipod 
Pontoporeia femorata ( 14, Fig. 8 ) is similar but with outliers 
in the southeast near the temperature boundary. The
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Margarites helicinus Ampithoe rubricataTectura testudinalis

Idotea neglecta Praunus flexuosusApherusa jurinei

|1>*W

Carcinus maenas Parajassa pelagica Balanus crenatus

Dexamine thea Omalogyrus atomus Idotea emarginata

Gammarus locusta Idotea baltica

Fig. 6. In tertidal d istribu tion  o f  species found  bo th  in tertidally  and subtidally  and p referring  hard  substrates. Top row : E xam ples o f  
species com m on on all coasts w here suitable substrate is found. Rem ainder: Eleven species showing distributional limits tow ards cooler 
tem peratu res w ith in  Iceland. These 11 species are not k now n to  p enetra te  deeper into coo ler seas sub tidally  th an  intertidally . O pen 
circles denote pre-1960 records.
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Pycnogonum littorale

ht*w

Henricia sanguinolenta Ansates pellucida

Asterias rubens Stenosemus albus Modiolus modiolus

Phoxichilidium femoratum

ll**W

0 W M I

Harmothoe imbricata

Hiatella arctica Buccinum undatum

Musculus discors Ischyrocerus anguipes

Fig. 7. In tertidal d istribu tion  o f  12 species found  sub tidally  all around  Iceland  (except A nsa tes pe llu c id a )  bu t in tertidally  v irtually  
lim ited  to  the w an n er o r the  colder (Ischyrocerus a nguipes) coasts o f  the  island. A ll species show n p refer hard  bottom s.

bivalves Macoma calcarea (14, Fig. 8) andA/va truncata 
(eight, Fig. 8) and the polychaetes Travisia forbesi (14, 
Fig. 8) and Malacoceros vulgaris (six, Fig. 8) have addi­
tionally been found on northwestern coasts, while the 
priapulid Priapulus caudatus (28, Fig. 8) and the 
polychaetes Scalibregma inflatum (12, Fig. 8)andP/to/oe 
sp. (five) extend to the westernmost part of the north

coast. Hie polychaete Scoloplos armiger (hi, Fig. 8)shows 
a similar pattem but with an outlying record in southeastern 
Iceland near the temperature boundary. The polychaete 
Spio filicornis (12) has two outlying records outside the 
west coast, i.e. in the middle north and the northeast. Due 
to taxonomic difficulties polychaetes of the genus Polydora 
were not always identified to species. At least two species
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Phyllodoce maculataNaineris quadricuspida Capitella capitata

Neanthes virens Pectinaria koreniOphelia limacina

fü*w

Malacoceros vulgarisPontoporeia femorataBrada inhabilis

100 km

Travisa forbesi Macoma calcarea Mya truncata

Priapulus caudatus Scalibregma inflatum Scoloplos armiger

Fig. 8. In tertidal d is tribu tion  o f  species found  b o th  in tertida lly  and  sub tida lly  and  p referring  so ft substrates. T op row : Exam ples o f  
species com m on on  all coasts w here  su itable  substrate  is found. R em ainder: T w elve species found  sub tida lly  all around  Ice land  bu t 
in tertidally  v irtually  lim ited  to  the  w arm er coasts o f  th e  island.
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were involved, Polydora quadrilobata and P. ciliata. 
Polydora spp. were found in 45 squares, on all coasts 
except tile east. The priapulidHalicryptus spinulosus (two) 
has only been found in two adj oining squares in the south­
east. The polychaete Ophryotrocha puerilis (seven) is 
rather aberrant, as the records all lie on the northern and 
northwestern coast. It is a tiny species and may have been 
overlooked elsewhere. No additional soft-bottom species 
of this group have been recorded in five or more squares 
but tile number of such species recorded sporadically from 
tile intertidal (from 1-4 squares) is high.

In all some 46 of the 66 (67 %) intertidal-subtidal 
species appear to reach distributional limits in the 
intertidal, all except two towards cooler seas.

Species numbers
The average total number of species recorded per square 
drops steadily clockwise around Iceland from a high of 
26.8 in tile Faxaflói region in the southwest to 16.2 on 
tile east coast (Fig. 9). The low mean of 2.7 fortlie exposed 
sandy south coast is due to a number of squares examined 
with zero or one species. The trends are not so clear 
when obligate intertidal species are analysed separately, 
although the average recorded number of such species is 
higher on the west coast (means with standard errors: 
14.4 ±1.5 (n =30), 13.8 ±1.1 (n= 37)and 15.3 ± 1.1 (n 
= 31) for the three regions shown in Fig. 9, respectively) 
than on the north (12.6 ± 1.0 (n=38), 11.5 ± 1.8 (n = 21), 
respectively) and east coasts (11.0 ± 1.0 (n = 34).

D ISC U SSIO N

The emerging pattem is of numerous species, both obli­
gate intertidal ones and those also occurring in the subtidal, 
dropping out as one moves clockwise around Iceland 
from tile South with few if any replacements by northern 
species.

In addition to tile nine obligate intertidal species that 
exhibit clear distributional limits towards cooler seas the 
following 11 intertidal-subtidal species also do so in the 
intertidal, without apparently penetrating deeper into 
cooler seas subtidally: Apherusa jurinei, Idotea neglecta, 
Omalogyra atomus, Balanus crenatus, Praunusflexuosus, 
Carcinus maenas, Parajassa pelagica, Gammarus 
locusta, Idotea emarginata, I. baltica, and Dexamine thea 
(Fig. 6). All are species confined to very shallow waters. 
When tile 20 limits as they appear from tile maps are 
plotted cumulatively on a graph also showing mean 
temperatures for the coldest (February) and wannest 
(August) months (Fig. 10), three sections appear to be 
distinguishable. The graph rises steeply (i.e. there are

16.4±2.7
11=21

19.6±1.8
n=38

24.0±2. 
n=37 ,

22.0±5.7
n=9

Fig. 9. M ean num ber o f  species recorded from  lO x  10km  squares 
in different parts o f  the shoreline o f  Iceland, show n w ith  standard 
e rror and the n um ber o f  squares exam ined.

many limits) on the coastal section 100-200 km front station 
U(Vestmannaeyjar Islands) of S tefánsson  (1 9 6 9 ). Another 
steep rise can be seen between 3 0 0  and 5 0 0  km from 
station U. The first steep rise is quite possibly due to tile 
high level of sampling in tile Reykjavik area. The second 
steep rise coincides well with a rallier steep decline of 
summer temperatures, but appears to extend over a larger 
area than tile abrupt drop in winter temperature along this 
coastal section. Surprisingly, the cumulative graph 
continues to rise steadily between 5 0 0  and 9 0 0  km from 
station U, although temperatures do not change noticeably 
along this stretch. The possibility cannot be excluded that 
actual limits in some cases (e.g. Gammarus locusta, only 
recorded from six squares) lie further along tile coast, 
undetected because of insufficient sampling. The two 
species that reach their limits last do so apparently about 
where tile drop in summer temperatures occurs.

The northern limits o f the amphipod Orchestia 
gammarella, both in Norway, Iceland and eastern Canada, 
lie in relatively wami waters (I ngó lfsso n  1977a). Its oc­
currence in two spots far distant from its main area of 
distribution in Iceland (Fig. 5 ), both under tile influence of 
wami springs, convincingly demonstrates tile temperature 
limitation of the species. The two isolated wann-spring 
populations are probably better explained as relicts of a 
former wider distribution than as results of dispersal from 
tile present main area of distribution. The climate of Ice­
land was probably considerably wanner than now about 
2500-4000 B.P. ( E in a r sso n  1963), or 3400-4800 B.P. 
( S tötter  1991), and tile distribution of many cold-sensi­
tive species may then have been much wider than now.
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Fig. 10. Tile d ispersion  o f  d istributional lim its o f  tw o  groups o f  
species, A  and B. in the intertidal tow ards colder seas show n w ith 
sum m er (A ugust) and w inter (February) tem peratures. The graph 
shows cumulative num bers o f limits as percentages o f  total num ber 
o f  lim its. G roups A  (20 lim its) includes bo th  obligate intertidal 
species and  in te rtida l/sub tida l species no t ex tend ing  fu rther 
subtidally  th an  th ey  do intertidally . G roup B (32 lim its) consists 
o f  species w ith  w ider distribution subtidally than  intertidally. One 
o rtw o  obviously outlying records in case o f  one species in group 
A  (O rchestia gam m arella) and four species in group B  (M usculus 
d iscors,M odio lus m odiolus, B uccinum  undatum . Sp io  filicorn is)  
are om itted  (see text). D istances betw een  adjacent stations are 
sum m ed cum ulatively  c lockw ise a round Iceland from  station  U  
o f  S t e f á n s s o n  1969 (see Fig. 2). Southeastern Iceland, w here sta­
tions R, S, and  T  o f  S t e f á n s s o n  are located, is om itted  due to  
aberrant shore types (see Fig. 1).

It is somewhat unfortunate that the sharp temperature 
boundary on the southeastern coast is near the junction of 
radically different shore types, exposed sandy shores to 
Ute South and rocky shores and muddy tidal flats to the 
North (Fig. 1). However, there is an isolated group of 
small skerries, Hrollaugseyjar, just south of the boundary. 
The exposure is extreme, but nevertheless some intertidal 
species have been recorded, including three species, Nucella 
lapillus, Idotea pelagica and Parajassa pelagica, which 
reach distributional limits towards cooler seas in Iceland. 
Interestingly,/, pelagica andH pelagica have been recorded 
also just north of the boundary as it normally lies (Fig. 5). 
As tile boundary is known to fluctuate considerable in 
position (S tefánsson  1 9 6 9 ) this is not totally unexpected. 
In addition, mobile animals can be expected to cross an 
unfavourable temperature boundary now and then, although 
a persistent population may not be established. Neither

species has planktonic larvae but both have been recorded 
from drifting seaweed which may serve asa dispersal agent 
along tile shores (Ingó lfsso n  1995). There is an old record 
of Nucella lapillus a little further north of the temperature 
boundary ( T h o r so n  1941), which, if correct, may be 
explained in a similar fashion, although I know of no record 
of it on floating objects.

None of the 11 obligate intertidal species witti distribu­
tional limits towards cooler seas within Iceland have been 
recorded from frigid Svalbard but, surprisingly, one of the 
nine subtidal-intertidal species where such limits in the 
intertidal appear to coincide with subtidal limits, i.e. 
Balanus crenatus. In contrast out of 24 obligate intertidal 
species found on all coasts in Iceland on which I have 
sufficient distributional information elsewhere 12 have been 
recorded from Svalbard (S tephensen  1937a, 1940; T horson  
1941; M a dsen  1949; W esen berg -L u n d  1951; L arsso n  &  
G ígja  1959; In g ó lfsso n  1977a; N ilsson-C a ntell  1978; 
W eslaw ski & al. 1993), reflecting tile difference in tem- 
perature-requirements of the two groups (Fisher’s Exact 
Test applied on proportion in Svalbard waters gives 
P = 0.002).

No examples are known of obligate intertidal species 
showing distributional limits towards wanner tempera­
tures within Iceland. I am not aware of any macrofaunal 
intertidal species of the arctic Atlantic that does not reach 
south to Iceland. There is no arctic endemic element among 
intertidal macrofauna which contrasts witti estimates of 5- 
14 % of tile shallow bentliic fauna of the arctic being en­
demic (D u nton  1992 ). Shores of Hie arctic are depauperate 
and often largely banen due to ice action (E llis &  W ilce 
1961 ), and conditions there presumably not conducive to 
tile evolution of new species. Only two of the 39 obligate 
intertidal species treated in the present paper are lacking 
from tile much wanner shores of The British Isles, i.e. the 
amphipods Gammarus setosus and Onisimus litoralis 
( L in c o l n  1979), further emphasizing the non-arctic 
character of the intertidal fauna.

One species, the priapulidHalicryptus spinulosus, is in 
Iceland, botti intertidally and subtidally, confined to brack­
ish lagoons in the cold southeast. Its distribution else­
where is high-arctic except for populations in the Baltic 
and one or two other boreal localities (V a n  D er  L and  
1970). It is almost everywhere confined to brackish waters, 
but it is difficult to see what else than temperature prevents 
it from occurring in wanner lagoons in Iceland.

A large number of the subtidal-intertidal species here 
considered, or some 34 of the total of 64 (53%), show 
distributions in the intertidal more limited in geographical 
extent than their subtidal distributions. Their intertidal 
distribution is witti one exception confined to wanner 
coasts than their subtidal one. Botti hard-bottom (Fig. 7) 
and soft-bottom (Fig. 8) species are involved and most are 
common on all coasts subtidally (E inarsson  1948; K nudsen
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1949; M adsen 1949; Sæ m undsson  1949; S tephensen  1937b, 
1939,1940; T horson  1941; W esenberg-L und  1937,1951). 
This pattern is probably due to low and variable air 
temperatures becoming more critical as the sea becomes 
cooler, preventing many species from surviving in the in­
tertidal. Other possible hypotheses, e.g. ones relating the 
pattern to tidal regimes or to substrate, do not correlate 
well with the observed trends.

When the distribution limits in the intertidal of the 32 
species (counting the polychaetesPo/yJora quadrilobata 
and P. ciliata as one) confined intertidally to the warmer 
coasts but having wider distributions subtidally are plotted 
cumulatively the resulting graph is very similar to that 
for the 11 obligate intertidal and 9 intertidal-subtidal 
species with coinciding intertidal and subtidal limits (Fig. 
10). There are many limits, i.e. the graph rises steeply, in 
the Reykjavik area and then again in the area of rather 
steep decline of summer temperatures between 300 and 
500 km from station U (Vestmannaeyjar). Limits 
continue, however, to be encountered in regions where 
temperatures are no longer decreasing. Most of the 33 
species in question, or 23, are known to occur in Svalbard 
waters, reflecting their tolerance to low temperatures.

The intertidal pattern shown by species only common 
in the intertidal in part of their range can be expected to 
show anomalies not seen among species confined to the 
intertidal. Unusual conditions, occasional stragglers or 
sampling during exceptionally low tides can ‘disrupt5 
otherwise distinct patterns. There are several examples 
of this, e.g. the bivalves Modiolus modiolus andMusculus 
discors (Fig. 7).

The amphipod Ischyrocerus anguipes (Fig. 7) shows 
an exceptional reversed patterns with virtual lack of in­
tertidal records from the warmer coasts, although 
common subtidally there at shallow depths (S t eph en sen  
1940 and personal observations). This pattern is difficult 
to explain. This is not a pronounced cold-water species. 
In Britain, where sea temperatures are much higher, it 
occurs from low-tide level and down, but occasionally 
found intertidally in tide-pools ( L in c o l n  1979).
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Appendix. Macro faunal species identified from the intertidal of Iceland, in alphabetical order. The species marked with 
an asterisk (*) have been used in the analyses of distributional patterns.

A eo lid ia  p a p p ilo sa  (L .) *H a rm othoe  im brica ta  (L .)
A ld er ia  m odesta  ( L o v é n ) *H ediste  d iversicolor  (O.F. M ü l l e r )

A m m otrypane  aulogaster  R a t h k e *H enric ia  sanguinolenta  (O.F. M ü l l e r )

A m p h a ra te  acutifrons  G r u b e H eterom astus filifo rm is  ( C l a p a r è d e )

*A m pithoe  rubricata  ( M o n t a g u ) *H ia te lla  arctica  (L .)
A n o m ia  squam ula  L. *Hyale nilssoni ( R a th k e )

*A n o n yx  sarsi S t e e l e  &  B r u n e l *H yas araneus  (L .)
*A n sa te s  p e llu c id a  (L .) * H ydrobia  ventrosa  ( M o n t a g u )

*A pherusa  ju rine i M iln e - E d  w a r d s * Ido tea  baltica  P a l l a s

*A ren ico la  m arina  (L .) * Ido tea  em arginata  ( F a b r i c iu s )

A rc tica  islandica  (L.) * Ido tea  granulosa  R a t h k e

A ric id ia  je ffrey s i ( M c i n to s h ) *Idotea  neglecta  S a r s

A starte  borealis S c h u m a c h e r * Ido tea  p e la g ica  L e a c h

*A ste ria s  rubens  L. *Ischyrocerus anguipes  K r o y e r

A xin o p sid a  orb icu la ta  ( S a r s ) * Ja era  a lb ifrons  L e a c h

*B a lanus crenatus  B r u g u i é r e * Ja era  isch iosetosa  F o r s m a n

B oreo trophon  C la thratus  (L .) * Ja era  p reh irsu ta  F o r s m a n

B oreo trophon  truncatus  ( S t r o m ) *L acunapa llidu la  ( D a  C o s t a )

*Brada inhabilis ( R a th k e ) *Lacuna vincta  ( M o n t a g u )

*Brada villosa R a th k e L a n ice  conch ilega  ( P a l l a s )

*B uccinum  undatum  L. L anom e kroyeri M a l m g r e n

*C alliop ius laeviusculus  ( K r o y e r ) L a o m ed ea  f le x u o sa  A l d e r

*C apite lla  capitata  c o li .  ( F a b r i c iu s ) L a om edea  long issim a  ( P a l l a s )

*C aprella  septentrionalis  K r o y e r L ep idono tus  squam atus  (L.)
*C arcinus m aenas  (L .) *Ligia oceanica  L.
*C erastoderm a edule  (L .) Lim neph ilu s a ffinis  C u r t i s

C haetozone setosa  M a l m g r e n *L ittorina  m ariae  S a c c h i  &  R a s t e l l i

C ilia tocardium  cilia ta  ( F a b r i c iu s ) *L itto rina  obtusa ta  (L .)
*C irratu lus cirra tus  (O .F. M ü l l e r ) *L itto rina  saxatilis  ( O l iv i )

C lite llio  arenarius  M ü l l e r *M acom a calcarea  ( C h e m n i tz )

*C orophium  bonelli S a r s *M alacoceros vulgaris  ( J o h n s t o n )

C renella  decussata  ( M o n t a g u ) *M ana yu n k ia  aestuarina  ( B o u r n e )

*C yclopterus lum pus  L. M a rg a rites  groen land icus  ( G m e l in )

D endrono tus fro n d o su s  ( A s c a n iu s ) *M argarites  helicinus  ( F a b r i c iu s )

*D exa m in e  thea  B o e c k M ediom astu s fra g ilis  R a s m u s s e n

* D ynam ena  p u m ila  (L .) *M icra lym m a m arinum  S t r o m

*E ch iurus echiurus  ( P a l l a s ) *M o d io lu s  m odiolus  (L)
*Eteone longa  ( F a b r i c iu s ) *M uscu lus  discors  (L .)
E ualus gaim ardi ( M i l n e - E d  w a r d s ) M uscu lus n iger  ( G r a y )

*E u la lia  virid is  (L .) *M ya arenaria  L.
*F abric ia  sabella  ( E h r e n b e r g ) *M ya truncata  L.
F lustre llida  h isp ida  ( F a b r i c iu s ) M ysis  m ixta  L i l j e b o r g

*G am m arellus hom ari ( F a b r i c iu s ) *M ysis oculata  ( F a b r i c iu s )

*G am m arus duebeni L i l j e b o r g *M ytilu s  edulis  L.
* G am m arus fin m a rch icu s  D a h l M yxocepha lus  scorpius  (L .)
*G am m arus locusta  (L .) *N a ineris  quadricusp ida  ( F a b r i c iu s )

*G am m arus m arinus  ( L e a c h ) N a tica  c lausa  B r o d e r i p  &  S o w e r b y

*G am m arus obtusatus  D a h l *N ean thes  v irens  ( M . S a r s )

*G am m arus oceanicus  S e g e r s t r â l e N eb a lia  bipes ( F a b r i c iu s )

*G am m arus setosus D e m e n tie v a *N ereis p e la g ica  L.
*G am m arus stoerensis  ( R e id ) *N u ce lla  lapillus  (L .)
^G am m arus zaddach i S e x t o n * O m alogyra  atom us  (P h il ip p i)

G asterosteus aculeatus  L. O nchidoris fu scu s  (O. F. M ü l l e r )

H alichondria  p a n ic ea  ( P a l l a s ) O nchidoris m uricata  (O.F. M ü l l e r )

*H alicryp tus sp inulosus  V. S ie b o ld O nisim us edw ardsi K r o y e r

H aliragus  fu lvo c in c tu s  (M . S a r s ) * O nisim us litoralis  ( K r o y e r )

*H alocladius variabilis  ( S t a e g e r ) * O noba aculeus  ( G o u l d )
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Appendix, (continued). Macrofaunal species identified from the intertidal of Iceland, in alphabetical order. The species 
marked with an asterisk (*) have been used in the analyses of distributional patterns.

* O phelia  lim acina  (R athke)
O phryo trocha  bacci P a r e n t i

*O phryotrocha p uerilis  ( C l a p a r è d e  &  M e c z n k o v )

* O rchestia  gam m arella  ( P a l l a s )

O w enia  fu s ifo rm is  D elle C hiaje 
*P agurus  bernhardus  (L .)
*P ara jassa  p e lag ica  ( L e a c h )

P arana is  litora lis  ( M ü l l e r )

* P ectinaria  koreni M a l m g r e n  

P etrob ius  m arinus  ( L e a c h )

*Pholis gunnellus  (L .)
*Pholoe  sp.
^Phoxichilidium  fem ora tum  ( R a t h k e )  

P hoxocephalus holboelli ( K r o y e r )

*P hyllodoce  m aculata  (L .)
*P olydora  cilia ta  ( J o h n s t o n )

*P o lydora  quadrilobata  J a c o b i

* P o n to p o re ia fem o ra ta  K r o y e r  

Porcellio  scaber  L a t r e il l e

* P raunus flexuosus  (O.F. M ü l l e r )

P ra x ile lla p ra e term issa  ( M a l m g r e n )

*P riapu lus caudatus  L a m a r c k  

P ro tom edeia  fa sc ia ta  K r o y e r  

P unc ture lla  noachina  (L .)
*Pycno2 onum  littorale  ( S t r o m )

*P ygospio  elegans  ( C l a p a r è d e )

R hod ine  g ra c ilio r  T a u p e r

* Scalibregm a inflatum  R a t h k e  

Scolelepis fu lig in o sa  ( C l a p a r è d e )

* Sco lop los arm iger  (O .F. M ü l l e r )

*Sem iba lanus balanoides  (L .)
Serripes g roen land icus  ( B r u g u i e r e )

* Skeneopsis  p lanorb is  ( F a b r i c iu s )

* Sp io filicorn is  (O.F. M ü l l e r )

*Spirorb is  sp irorbis  (L .)
*Stenosem us albus  (L .)
Strongylocentrotus droebachiensis  (O.F. M ü l l e r )  

Syllis armilUaris (O.F. M ü l l e r )

Syllis cornuta  R a t h k e

* Tectura testudinalis  ( M ü l l e r )

Terebellides stroem i M . S a r s  

Thyasira fle xu o sa  ( M o n t a g u )

Tonicella  rubra  (L .)
^T ra visia fo rb esi  J o h n s t o n  

Tubifex costatus  ( C l a p a r è d e )

Tubifico ides benedine  U d e k e m

* Turtonia m inu ta  ( F a b r i c iu s )

* U rticina fe lin a  (L .)
Verruca stroem ia  (O.F. M ü l l e r )


